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, [1] , .
:
(1) $\frac{du(t)}{dt,}=Au(t)+Fu_{t}+f(t)7$ $t\in \mathbb{R}$
, , $u(t)$ $\mathrm{X}$ , $A$ $C0$ $(T(t))t\geq 0$
, $F$ : $C:=C([-r, 0], \mathrm{X})arrow \mathrm{X}$ , $u_{l}$ $u_{t}(\theta)=u(t+\theta)$ ,




34;3.7[1] $A$ . ,
(1) 1 $\Leftrightarrow$ $k\in \mathbb{Z}$ ,
(2) $\Delta(2\mathrm{i}k^{n}’\pi)x=\tilde{f}_{k}$ ,
g $\in \mathrm{X}$ , , $\Delta(\lambda)x:=(\lambda I-A-Fe^{\lambda}.)x\cdot,$ $x$. $\in D(A)$ , .








(1) . , $V(t)\phi:=(w_{t}$
$(V(t))_{t\geq 0}$ $C$ , $\mathcal{G}$ . $u’(\cdot)$
:
$\{$
$u’|(t)=T(t-s)w(_{\mathrm{i}},.)+. \int_{s}^{t}$. $T(t-\xi)[Fu_{\mathrm{s}}f_{\xi}]d\xi$ , $\forall t\geq s\geq 0$ ,
$v)0=\phi$ .
.
315[I] -4 Qa . , (1)
[$0_{7}+\infty)$ 1 , .




, $\sigma_{p}(\mathcal{G})$ $\mathcal{G}$ .
3.16[IJ $A$ . , [1] 3.15






$(\underline{\partial}^{2}ux, t)x+u’(x,t)-a?L’(x,t-1)+f(x, t)$ ,
$0\leq\forall x\leq\pi_{\dot{l}}\forall f,$ $\geq 0$ ,
$w(0, t)=w(\pi,t)=0,$ $\forall t>0$
$\{$
$\frac{\partial w}{\partial l}(x, t.)=\frac{d’}{\partial}.x=.\cdot(x, t)+w(x\grave,t)-aw(z_{w}x.,t-1)+f(x,t)$,
$0\leq\forall x\leq\pi,\cdot\forall t\geq 0\rangle$
$\prime a\}’(\mathrm{O}, t)=u;’(\pi,t)=0$ , $\forall t>0$
$\frac{\partial w}{\partial t}(x, t)=\frac{\partial^{2}}{\partial x}w\tau(x, t)+\omega(x, t)-aw(x, t, -1)+f(x,t)$ ,
$0\leq\forall x\leq\pi/2_{\backslash }\forall t\geq 0$ ,
$[w(0, t)=w(\pi/2, t)=0,$ $\forall t>0$
, , 34;37





$.. \frac{\partial w}{\partial t}(x, t)\backslash \frac{\partial^{2}}{\mathit{8}x}.w\mathrm{r}(=.x, t)+u\mathit{4}(\mathrm{I}_{)}t)-aw(x, t-1)+f(x, t)$ ,
$0\leq\forall x\leq\pi,$ $\forall t\geq 0$ ,
$u’(0, t)=w(\pi, t)=0_{f}\forall t>0$
. , $a\in \mathbb{R},$ $a\neq 0$ , , $w(x, t.)$ $f(x, t.)$ .
$\mathrm{X}.--L^{\mathrm{t}}2[0, \pi]$ , $A_{T}$ : $\mathrm{X}arrow \mathrm{X}$
(4) $\{$
$A_{T}y=y’’+y$ ,
$D(A_{T})=$ { $y\in \mathrm{X}_{-}$. $y,$ $y’$ l! AA4 , $y”\in \mathrm{X},$ $y(0)=y(\pi)=0$},
, $t$ $\prime lL’(\cdot, t)\in \mathrm{X}$ . $\mathrm{X}$ $.u(t\dot{)}$ $u(t)$ $:=w(\cdot,t)$
. , $u_{t}$ $\in \mathrm{C}:=C([-1,0]\}\mathrm{X})$
$u_{t}(\theta):=u(t+\theta)=u’(\cdot, t+\theta),$ $\theta\in[-1,0]$
. $F:\mathrm{C}arrow \mathrm{X}$ .
$F(\phi)=-a\phi(-1.)_{\backslash }(\beta\in C$ .
,
$Fu_{t}=-au_{t}(-1)=-au(t_{j}-1)=-aw(\cdot,t-1)$
. , Eq,(3) ,
(5) $\frac{du(t)}{dt}$ $=A_{T}u(t)+Fu_{t}+f.(t)_{\dot{\prime}}u(t)\in \mathrm{X}$ ,
.
avis-Webb [2] p.414 , $A\tau$ $\mathrm{X}$ $(T(t))_{t\geq 0}$
.
$y\in D(A_{T})$




$\lambda$ . , $1-\lambda+ae^{-\lambda}=n^{2}$ , ,
$\sigma(\Delta)=\bigcup_{71=1}^{\infty}\{\lambda\in \mathbb{C} : \lambda+ae^{-\lambda}=1-n^{2}\}$ .
209
, $\lambda+ae^{-\lambda}=1-\gamma p_{J}^{2}$ ,\lambda $=\mathrm{i}b,$ $b\in \mathbb{R}$
,
(6) $1-n^{2}=aco\mathrm{s}$ $b+\mathrm{i}$ ( $b$ -asin $b$ )
. ,




, $n\neq 1$ ab $(n^{2}-1,0)$ $(-n^{2}+1,0)$
, $n=1$ , 2 $b=a$ $b=-a$ . (7)
(10) $a=(1-7\tau^{2})\sec b$
, ab $|a|\geq n^{2}-1$ . , $a\neq 0$
, (9) (10) $b$ $|a|<n^{2}-1$ ,
$|a|\geq n^{2}-1$ .
$r\iota\geq 2$ , $n^{2}-1\geq 3$ , $|a|<3$ $n=2_{:}3,$ $\cdots$ (9)
(10) $b$ .
,0 $<|a|<3$ . $\sigma_{i}(\Delta)$ (7) (8) $n=1$
(11) a $\mathrm{c}\cdot.\mathrm{o}\mathrm{s}^{1}b$ $=$ $0$
(12) $b-a\sin b$ $=$ $0$
$b$ . ,
i) $0<|a|<3,$ $a\neq\pi/2\Rightarrow\sigma_{i}(\Delta)=\emptyset$ ,
$\mathrm{i}\mathrm{i})a=\pi/2\Rightarrow\sigma_{i}(\Delta)=\{\pi/2, -\pi/2\}$ .
$\sigma(\Delta)$ . $\lambda+ae^{-\lambda}=1-n^{2}$ ,\lambda $=x+\mathrm{i}y,$ $x_{\grave{J}}y\in \mathbb{R}$
,
(13) $1-n^{\mathit{2}}=x’+ae^{-}"$ $\mathrm{c}^{\iota},\iota^{\backslash }|\mathrm{s}^{\urcorner}y+i(y-ae^{-x}\mathrm{s}\urcorner \mathrm{i}\mathrm{n}y)$
. ,
(14) $x+ae^{-x}.\cos y$ $=$ $1-n^{2}$




. $n\neq 1$ . , (14) $x<0$ , (14)
(16) , $\sigma(\Delta.)$ $x<0$
. $n=1$ . , (14) (16)
(i) $\acute{/}\mathrm{T}/2<a<3\Rightarrow\sigma(\Delta)$ $x>0$ , $x=0$ ,
$x<0$ .
(ii) $a=\pi/’2=\neq\sigma(\Delta)$ $x>0$ , $x=0$ $\sigma(\Delta)=\{i\pi/2, -i\pi/2\}$ ,
$x\cdot<0$ $\sigma(\Delta)$ .
(iii) $0<a<\pi/2\Rightarrow\sigma(\Delta)$ $x<0$ .
(iv) $-3<a<0\Rightarrow\sigma(\Delta)$ $x<0$ .
$f(\cdot$ , 4 .
$\ovalbox{\tt\small REJECT}=\frac{1}{4}\oint_{()}^{4}e^{-ik\pi t/2}f(x., t)dt$
$\text{ }$ . [1] 34;38 . i) , $\sigma_{i}(\Delta)=\emptyset$ ,Eq.(5)
4 .
$\sum_{k\in \mathbb{Z}}e^{ik\pi t/2}.\Delta^{-1}(\mathrm{i}k\pi/2)\tilde{f}_{k}(x.)$




, Eq.(5) 4 . , , $u_{1}$ $u_{-1}$
(17) (18) ,
$e^{i\pi t/\mathit{2}}u_{1}(x)+e^{-i\tau_{1}t/^{l}\dot{2}}u_{-1}(x)+. \sum_{k\neq\pm \mathrm{I}}e^{\dot{\tau}k_{7\ulcorner}t/2}\Delta^{-1}(\mathrm{i}k\pi/2)f_{k}\tilde{.}.(x)$
Eq.(5) 4 .
(17) (18) ,
(19) $-u_{1}^{r;}(x)-u_{1}(x)=\tilde{f}_{1}(x),$ $u_{1}(0)=u_{1}(\pi)=0$ ,
(20) $-u_{-1}’’(x)-u_{-1}(x)=\tilde{f}_{-1}(x),$ $u_{-1}(0)=u_{-1}(\pi)=0$
. (19) (20) ,
(21) $\int_{0}^{\pi}.\sin x\tilde{f}_{k}.(x)dx=0,$ $k=\pm 1$ .
211
, $u_{k}(x)$ , $k=\pm 1$ ,
(22) $u_{k}(x)=-f_{0}^{x}\sin$ ( $y$ ) $\tilde{f}_{k}(y)dy+C_{k}.\sin x,$ $k=\pm 1$ .
$\sigma_{i}(\Delta)=\{\pi/^{J}2, -\pi/2\}=:\mathrm{A}$ $\text{ }$ . $\mathrm{n},\mathrm{a}\mathrm{v}\mathrm{i}\mathrm{s}$-Webb[2] 58 , $(\mathcal{G}-\lambda I)^{-1}$
A 1 . , $\mathcal{G}$ (V( $\geq 0$ .
$\mathrm{C}$ :
$C=N(\mathcal{G}-\mathrm{i}\pi/2)\oplus N(\mathcal{G}+i\pi/2)\oplus Q_{\mathrm{A}}$ ,
$Q_{\mathrm{A}}:=R(\mathcal{G}-\cdot \mathrm{i},\tau/2)\cap R(\mathcal{G}+i\pi/2)$ .
,
$\forall\phi\in \mathit{1}\mathrm{V}(\mathcal{G}-(\pm \mathrm{i}\pi/2)),$ $V(t.)\phi=e^{\pm i\pi t/2}\phi$.
$\exists K>0,$ $\exists\omega>0$ ,
$\forall\phi\in Q_{\Lambda},$ $||V(t.)\phi||\leq Ke^{-\omega t}||\emptyset||$ .
, $(V(t))_{t\geq 0}$ 4 .




$. \frac{\partial w}{j\cdot Jt}(x, t)=\frac{\partial}{:9-}\frac{2}{x}.\tau(wx, t_{J})+w(x,t\dot{)}’-a\prime w(x, t-1)+f(x,t)$ ,
$0\leq\forall x\leq\acute{\prime}\tau,$ $\forall t\geq 0$ ,
$\prime tx)(\prime 0,t.)=u.’(_{\backslash }’\pi t)\}=0,$ $\forall t,$ $>0$ ,
. , $a\subset\prime \mathbb{R},$ $a\neq 0$ , , $w(x., t)$ $f(x., t.)$ .
$\mathrm{X}:=L^{2}[0, \pi]$ , $B_{l},-$. : $\mathrm{X}arrow \mathrm{X}$
(24) $\{$
$B_{T}y=y’’+\cdot y$ ,
$D(B_{T})=$ { $y\in \mathrm{X}$ : $y,$ $y’$ $y”\in \mathrm{X},$ $\eta/’(0)=y’(\pi)=0$ } $.\backslash$
. Eq.(23) ,
(25) $\frac{du(t)}{dt}=B_{T}u(t)+Fu_{t}+f(t),$ $u(t)\in \mathrm{X}$ ,
. $y\in D(B_{T})$






$\sigma(\Delta)=\bigcup_{n=1}^{\infty}\{\lambda\in \mathbb{C} : \lambda+ae^{-\lambda}=1-n^{2}\}$ .
, 1 , .
$\sigma_{i}(\Delta)$ $\sigma(\Delta)$ 1 .
[1] 34;38 , $0<|a|<3,$ $a\neq\pi/2$
1
$a=,\tau/2$ $lF^{1}\mathrm{J}\text{ }1$ , (17,) (18) ,
(26) $-u_{1}’’(x)-u_{1}(x)=\tilde{f}_{1}(x.))u_{1}’(0)=u_{1}’(\pi)=0$,
$(27_{J}^{\mathrm{a}} -u_{-1}’’(x)-u_{-1}(x)=\tilde{f}_{-1}(x), u_{-1}’(0)=u_{-1}’(\pi)=0$
. (26) (27) ,
$(281, \oint_{0}^{\pi}\cos x\tilde{f}_{k}.(x)dx=0,$ $k=$ 1.
, $u_{k}(x)\dot,$ $k=\pm 1$ ,
(29) $u_{k}(x)=- \int_{0}^{x_{\dot{\mathrm{b}}}}\cdot \mathrm{i}\mathrm{n}(x-y)\tilde{f}_{k}.(y)dy+C_{k}$ c.os $x,$ $k=\pm 1$ .





$\frac{\partial u}{\partial t},(x, t)=$ .$(\partial^{2}wx,t)\partial\vec{x}+\mathrm{s}\iota’(x_{\backslash }t)-aw(x, t-1)+f.(x,t)$ ,
$0\leq\forall x\leq\pi/2,$ $\forall t\geq 0_{\mathrm{J}}$
$|u’(0,t)=u)(\pi/2, t)=0_{7}\forall t>0$ ,
. , $a\in \mathbb{R},$ $a\neq 0$ , $w(x_{i}t)$ $f(x, t)$ .
$\mathrm{X}:=L^{2}[0, \pi/2]$ , $C_{\Gamma}$ : $\mathrm{X}arrow \mathrm{X}$
(31) $\{$
$\mathrm{C}_{T}y=y’’+y_{\mathrm{J}}$










$\sigma(\Delta)=$ 1 $\{\lambda\in \mathbb{C} : \lambda+ae^{-\lambda}=1-(2n)^{2}\}$ .
$\lambda+ae^{-\lambda}=1-(2r\ell.)^{2}$ ,\lambda $=\mathrm{i}b_{\grave{l}}b\in \mathbb{R}$ ,
(33) 1– $(2\mathrm{n})^{}$ $=a\cos b+\mathrm{i}(b-a\sin b)$
. ,
(34) a $\cos b=$ $1-(2n)^{2}$
(35) $b-a\sin b=0$
. (34) $(_{\backslash }35)$
(36) $a^{\mathit{2}}-b^{2}=((2n)^{2}-1)^{2}$
. ab $((2n)^{2}-1,0)$ $(-(2n\grave{)}^{2}+1,0)$
. (34)
(37) $a=(1-(2n)^{2})\mathrm{s}^{7}\mathrm{e}\mathrm{c}.b$
, ab $|a|\geq(2n)^{2}-1$ . $r;_{}\geq 2$
, $(2r\iota)^{\mathit{2}}.-1\geq 15$ , $|a|<15$ $n=2\dot,$ $3,$ $\cdots$ (36) (37)
$b$ . $n=1$ , $3<|a|$ (36) (37) $b$
. ,3 $<|a|<15$ . $\sigma_{\mathrm{i}}(\Delta)$ (36) (37) $n=1$
(38) $a^{2}$ – $b^{2}$
.
$=9$
(39) $a=$ -3 $\sec b$
$b$ . , (38) (39) $b$ $\alpha_{m},m=1,2,3_{\backslash },$ $4,5$
. , $\pi/2<\alpha_{1}<\tau’,$ $3\pi/2<\alpha_{2}<2\pi,$ $5\pi/2<\alpha_{3}$. $<.3\pi;,$ $7\pi/2<\alpha_{4}.<4\prime r\mathrm{T}$ ,
, $9\pi/2<\alpha_{5}<5\pi$ . $\beta_{m}=(-1)^{m-1}\sqrt{a_{rn}^{2}\prime+9},$ $\cdot rn=1_{\backslash }2,3,4,5$ .
,




$\sigma(\Delta)$ . $\lambda+ae^{-\lambda}=1-(2n)^{2}$ ,\lambda $=x+\mathrm{i}y,$ $x,$ $y\in \mathbb{R}$
,
(40) 1– $(2\mathrm{n})^{}$ $=x+ae^{-}$ $\cos y+\mathrm{i}(y-ae^{-x}\sin y)$
, ,





, $n\neq 1$ . , (.41) $x<0$ , (41)
(43) , $\sigma(\Delta)$ $x<0$
, $n=1$ . , (41) (43)
(i) $\beta_{5}<a<15\Rightarrow\sigma(\Delta)$ $x>0$ , $x=0$ ,
$x<0$ .
(ii) $a=\beta_{\mathrm{c}\mathrm{J}}$ $\Rightarrow\sigma(\Delta)$ $x>0$ , $x=0$ $\sigma(\Delta)=\{io_{5}’, -i\alpha_{5}\},$ $x<0$
$\sigma(\Delta)$ .
(iii) $\beta_{2l-1}<a<\beta_{2f+1}\Rightarrow\sigma(\Delta)$ $x>0$ $2l$ , $x=0$ ,
$x<0$ .
(iv) $a=\beta_{2l-1}\Rightarrow\sigma(\Delta)$ $x>0$ $2(l-1)$ , $x=0$
$\sigma(\Delta)=\{\mathrm{i}\alpha_{2l-1}, -io_{2l-1}^{\iota}\},$ $x<0$ $\sigma(\Delta,1$ .
(v) $3<a<\beta_{1}\Rightarrow\sigma(\Delta)$ $x<0$ .
(vi) $\beta_{2}<a<-3arrowarrow\sigma(\Delta)$ $x<0$ .
(vii) $a=\beta_{2}\Rightarrow\sigma(\Delta)$ $x>0$ , $x=0$ $\sigma(\Delta,1=$ $\{\mathrm{i}\alpha_{2}, -\mathrm{i}\alpha_{2}\}$ ,
$x<0$ .
(viii) $;4\{\overline{j}<a<\beta_{2}\Rightarrow\sigma(\Delta)$ $x>0$ , $x=0$ ,
$x<0$ .
(ix) $a=\beta_{4}\negarrow\sigma(\Delta\grave{)}$ $x>()$ $\Gammaarrow\neq\Gamma\pm$ , $x=0$ $\sigma(\Delta)=$ {i\mbox{\boldmath $\alpha$}4, -i\mbox{\boldmath $\alpha$}4}
$x<0$ .
(x) $-15<a<\beta_{4}\Rightarrow\sigma(\Delta)$ $x>0$ , $x=0$ ,
$x<0$ . , $\mathit{1}=1_{\backslash }2$ .
$f(\cdot\}t)$ $2\pi/\alpha_{m\prime}.rn=1,2$ .
$\tilde{f}_{k}.(x)=\frac{\alpha_{m}}{2\pi}\int_{0}^{22\pi}./\alpha$ $e^{-\overline{\iota}k\alpha_{m}t}.f(x, t)dt$
$<$ . $[1]$ $\hat{j\mathrm{g}}\text{ }$ 34;38 . i) , $\sigma_{i}.(\Delta)=\emptyset$ , $\mathrm{E}\mathrm{c}1\cdot(32^{\cdot})$
$\alpha_{rn}/2\pi$ $\Gamma\Lambda \text{ }$ . $a=\beta_{n},$ $n\neq!m,$ $n=1_{\backslash }2,3,4,5$ , $\alpha_{n}$






(45) \Delta (-i\mbox{\boldmath $\alpha$},l )u-l $=\tilde{f}_{-1}$ .
, Eq.(32) $\Pi_{\mathrm{p}}^{\pm}$ $\text{ _{}\backslash }2\pi/\alpha_{m}$. \Gamma A . , , u $u_{-1}$
(44) (45) ,
$e^{i\alpha_{\tau n}} \cdot u_{1}(x)+e^{-i\alpha_{m}}u_{-1}(x)+\sum_{k\neq\pm 1}e^{ik\alpha_{m}}.{}^{t}\Delta^{-1}(\mathrm{i}k^{\alpha}\alpha_{m})\tilde{f}_{k}(x)$
Eq.(32) $2_{\acute{J}}\mathrm{T}/C\mathrm{Y}_{m}$ . (44) (45)
,
(46) $\mathrm{i}\alpha_{m}u_{1}(x)-u_{1}(x)\prime\prime$ – $u_{1}(x)+\beta_{m}e^{-ia_{m}}..u_{1}(x)=\tilde{f_{1}.}(x)$ ,
$u_{1}(0)$ $=$ $u_{1}(\pi/2)=0$ ,
(47) $-\mathrm{i}\alpha_{m}u_{-1}(x)-u_{-1}(x)\prime\prime$ – $u_{-1}(x)+\beta_{m}e^{i\alpha_{m}}u_{-1}(x)=\tilde{f}_{-1}(x)$
$u_{-1}(0)$ $=$ $u_{-1}(\pi/2)=0$ ,
.
$\sigma_{i}(\Delta)=\{\mathrm{c}\lambda_{\tau n}’, -\alpha_{m}\}=:\Lambda$ . O :
$\mathrm{C}=N(\mathcal{G}-i\alpha_{m})\oplus N(\mathcal{G}+\mathrm{i}a_{m})’\oplus Q_{\Lambda}$ ,
$Q_{\Lambda}:=R(\mathcal{G}-\mathrm{i}\alpha_{m})$ $R(\mathcal{G}+\mathrm{i}\alpha_{m})$ .
,
$\forall\phi\in N(\mathcal{G}-(\pm \mathrm{i}\alpha_{rn})),$ $V(t)\phi=e^{\pm io_{m}t}\phi$.
$\exists K>0_{\dot{}}\exists\omega>0$ ,
$\forall\phi\in Q_{\mathrm{A}\backslash },$ $||V(t)\phi||\leq Ke^{-\omega t}||\phi||$ .
, $(V(t))_{t\geq 0}$ $2\pi/\alpha_{r’\iota}$ . [1] 315 316
,
$a=f4_{rn}$ Eq.(32) $2\pi/\alpha_{m}$ $\Leftarrow\neq(47)$ (48)
.
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